A progressive SAR imaging technique is proposed as a novel SAR raw data processing scheme in this paper. Different from the classic SAR imaging algorithms which focus the SAR raw data as a whole regardless of the backscattering signal, the novel scheme discriminate the backscattering signal and choose the proper ones to be focused progressively according to some application context while the others will be discarded. The new scheme makes the SAR imaging algorithm not only focus the energy back to the scattering points but also form an image more suitable for some special applications.
INTRODUCTION
Synthetic Aperture Radar (SAR) is an important remote sensing method and has been widely used in various domains. Focusing of the raw data from SAR is a key step for any SAR based application. A lot of SAR imaging algorithms have been proposed [4] - [12] since the first SAR sensor was built. Most of these algorithms are designed to process the raw data indiscriminatively and pay the same attention to the clutters as well as the targets interested. Those algorithms process the raw data as a whole and have a good efficiency in processing time but the final SAR image may be hard to be understood due to the interference from background or anything that not interested. The progressive imaging technique proposed in this paper takes a different processing scheme to focus the SAR data.
The new scheme includes three basic steps: extraction, judgment and focusing. First, the signal that belongs to a or a group of backscattering points is extracted from the raw data. The parameters of the signal can also be estimated during the procedure of extraction. Second, the extracted signal is judged according to its parameters and the application context to determine whether or not focusing the signal and presenting it in the final image. Third, a special matched filter for focusing can be constructed according to the parameters of signal to achieve a better focusing performance. With the new processing scheme, the content of the final image can be controlled by the judgment step and the image can be focused much better because the focusing filter is constructed according to the signal parameters not the geometry model as the classic algorithms. Besides, the targets or scattering points in the SAR image can be focused equally in spite of their motion state or that of the platform and the motion state can also be estimated from signal parameters. From the statement above, the progressive imaging technique provide a solution to create different SAR imaging algorithms for various SAR image applications. The technique can also be applied for SAR data imaging under unstable platform and ground moving target imaging together with the static background. This paper presents a realization of the progressive technique via Atomic Decomposition (AD). The algorithm utilizes AD in the azimuth to detect the time-frequency parameters including modulation rate, time center, Doppler centroid and duration. With those parameters, the range migration of a scattering point can be estimated and corrected; the signal of the point can also be extracted from raw data and reconstructed in the final image. Due to the greedy nature of matching pursuit employed by AD, the scattering points are detected and focused progressively according to their energy. One or more threshold of energy can be set as the signal discrimination standard to control the contents of the final image. The paper is organized as follows: a brief introduction of AD is presented in section II, the progressive imaging algorithm based on AD is discussed in Section III, some computation consideration is given in Section IV, some simulation and processing example is shown in Section V and the conclusion is drawn in Section VI.
A BRIEF REVIEW OF ATOMIC DECOMPOSITION
Time-frequency analysis (TFA) of signal is a classic method for complex modulated signal such as chirp signal. However, the chirp signal which is very important in radar signal processing cannot be represented efficiently by those typical TFA methods such as short-time Fourier Transform, Gabor transform and wavelet packets. Mann and Haykin had used chirp multiplication (frequency shear) and chirp convolution (time shear) together with time-shift, frequency-shift, and scale parameters to define the continuous chirplet transform [9] . Related ideas were presented by Mihovilovic and Bracewell as well [10] . They named the resulting analyzing functions chirplets. Aykut Bultan defined a four-parameter atom by applying Scaling, rotation, time-shift, and frequency-shift operators to the unit Gaussian successively. A dictionary of chirplet can be constructed by a set of atoms. A typical four-parameter chirplet atom can be expressed as:
( 1) The four parameters: t c time shift, f c frequency shift, scaling and k modulation rate. With the four parameters, a vector can be defined by (2) Each atom has a unit energy, that is
Let be a dictionary of unit energy atoms, and x(t) the signal under analysis. AD represents the finite energy signal x(t) by the expansion of atoms (4) where p satisfies (5) and (6) Signal x p (t) is the pth order residual signal of x(t) and can be defined as
and (4)- (8), AD extracts those signal components coherent with the atoms of the dictionary. Algorithms of matching pursuit type are always employed to realize the AD process [11] . Some fast algorithms [12] are also studied to accelerate the process. Atom decomposition has been widely applied in signal detection [13] , radar signal interception [14] and information sparse representation [15] .
ALGORITHM DESCRIPTION
Most of the traditional SAR imaging algorithms are based on some geometric model and design the matched filters in both range and azimuth directions. If platform motion trajectory do not match the geometric model or there are motion targets in the scene, the final image will be degraded or some targets cannot be focused. Due to the transmitted signal is known, the most challenge of SAR data processing is to focus in azimuth for the unknown chirp rate and range migrations. The AD based progressive imaging algorithm tries to extract the backscattering signal of each pixel in the final image and constructs the focusing filters according to the parameters of the extracted signal. Assuming that the SAR data can always be focused in range, the AD based progressive algorithm pays more attention on the azimuth focusing. Figure 1 illustrates the flow chart of AD based progressive algorithm.
Figure 1 Flow chart of progressive SAR imaging technique
From the flow chart, it can be seen that the actual processing begins at range focused data. Figure 2 gives a typical range focused SAR data amplitude image.
Figure 2 Range focused SAR data
Traditional algorithms remove the range migration and focus in the azimuth according to the geometric model, while the novel algorithm is based on the estimation of parameter in the azimuth. To get rid of the effect from range migration, the projection of signal to the azimuth direction is employed. Considering the complexity of signal components and superposition effect, the number of range bins may be limited. Therefore, several range bins may be chose and project the signal in those range bins to the azimuth by summation. Figure 3 illustrate such a procedure.
Figure 3 Projection to the azimuth
The projected azimuth signal contains the time-frequency information of these range bins. Figure 4 shows a timefrequency analysis result of the projected azimuth signal. Figure 4 Time-frequency analysis of azimuth projected signal To extract the signal and the corresponding parameters, the atom takes a new form as (9) where R A is a rectangle window with a length of A. The dictionary of atom can be built from the system parameters and the size of scene illuminated by SAR. AD process can be carried out via various algorithms under different rules. Taking the matching pursuit type algorithms as example, Due to the greedy nature of the matching pursuit, the signal with max energy will be extract at each iteration. One or two threshold can be set to control the content in the final image with the matching pursuit. A upper bound can be set the select the signal with energy below the bound while a lower bound can be used to select the signal with energy beyond the bound. Both of the bound can be used to generate a moderate image. With the estimated signal and its parameters, the scattering point can be located and focused. The window length, i.e. the signal duration, and the time shift t c indicates the azimuth location. The chirp rate k and Doppler centroid f c can be used to remove the range migration and focus the signal in azimuth. The azimuth phase due to the Doppler effect can be written as , (10) and r(t) can be approximated by a quadratic function written as r(t) = at 2 + bt +c.
(11) The relationship of k, f c and r(t) can be yielded as: + c (12) With (12) the range migration can be removed in either time domain or frequency domain. And then the azimuth focusing can be completed by construct a matched filter by the parameters estimated. The operation may continue until the energy of the residual signal reaches at the threshold. The processing procedure of the progressive SAR imaging technique can be summarized as follows: (1) Focusing the raw data in the range direction via matched filter; (2) Projecting the range-focused SAR data onto azimuth direction; (3) Analyzing the azimuth signal via AD and finding the maximum-energy chirp signal with its four parameters: duration, chirp rate, time center and Doppler centriod; (4) Estimating range migration from the four chirp parameters and reconstructing the scattering point according to those chirp signals at the location that it should be; (5) Subtracting the estimated signal from the azimuth projected signal and repeating the same operations from step (3) to (5) until the energy of the remains is smaller than a pre-setting threshold. From the steps listed above, the scattering points in a scene can be extracted, focused and reconstructed in a sequence determined by the amount of energy. A carefully selected threshold will make the final image much clear and free of clutter at some degree.
COMPUTING CONSIDERATIONS
It should be pointed out that the efficiency of the progressive imaging technique is low compared with those classic algorithms due to the AD process. Some methods or skill can be adopted to enhance the computation performance. Due to the rectangle amplitude, the effects of an atom is limited in its rectangle support and the removal of an extracted signal will not affect all the azimuth projection data but only a part. Therefore the inner product between the azimuth projection data and the dictionary may not be recomputed for all but only for the part that the signal is removed. AD has four degrees of freedom and this makes the size of dictionary very large and results in lower efficiency. Reduce azimuth frequency the freedom is an effective method to save the computation resource. The chirp rate can be estimated by matched filter together with FFT easily. one can try different chirp rate to constructed the matched filter and choose the one which produce max output energy. After the estimation of chirp rate, there will be only three degrees of freedom. The definition of atom in this paper is designed to present a scattering point in the image. If the atom can present more scatters or a group of scatter points the processing will speed up. Besides the aspects mentioned above, the device used to carry out the AD can also improve the processing performance greatly. In our experiment, we use GPU as the processing unit and yield about 50 times speed up compared with CPU.
PROCESSING RESULT
The SAR data for processing is collected by an airborne SAR system. The scene is a bay with several boats in the sea. The image formed by chirp scaling algorithm is shown in the left of figure 5. The image formed by the progressive algorithm is shown in the right of figure 5 with a threshold of 50% energy of the raw data. Figure 5 Comparison of classic imaging result with the AD based progressive imaging algorithm There are 7.6×10 5 iterations to extract the signals with a energy beyond 50% of the total energy. Figure 6 gives an illustration of the procedure. Figure 6 the procedure of signal extract on energy.
CONCLUSION
The novel imaging technique proposed in this paper can be regarded as a kind of smart and adaptive SAR imaging algorithm. The progressive SAR imaging technique pays more attention to the scattering points that may be part of a target. Thus, Such a technique can be used as a targets detector at signal level. The technique can yield not only the image of scattering points in the scene but also the parameters of those points. From these parameters, the moving feature can be estimated and points can be also be selected and grouped to form a target objet. Besides, the technique can achieve a fine focusing performance to each scattering point for a special set of focusing parameters are used to each point according to the result from AD. The affection from range migration is very little due to the azimuth projection operation.
